t 



{ 12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



( 19) Worid Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
21 December :000 (21.12.2000) 




PCT 



IlllUIIllfllll 

(10) International Publication Number 

WO 00/76928 A2 



(51) International Patent Classification 7 : 

(21) International Application Number: PCT/US00/16153 

(22) International Filing Date: 9 June 2000 (09.06.2000) 
. (25) Filing Language: English 

(26) Publication Language: 



(30) Priority Data; 

60/138.399 
60/1^.552 
09/591.573 



English 



11 June 1999(11.06.1999) US 
16 July 1999(16.07.1999) US 
9 June 2000 1 09.06.2000) US 



(71) Applicant: PPG INDUSTRIES OHIO. LN'C [US/US]; 
38CO West l^3rci Street. Cleveland. OH 1 i ,'USV 

(72) Inventors: ARBAB, Mehran: 1716 Guyton Road. Alli- 
son Park. PA 15101 (US). SMITH, Dennis, G.; 342 Head- 
land Road. 3utler. PA 16002 (US). SHELESTaK. Larry, 
J.; 201 Spruce Street. Bairdford. PA 15006 'US). STR2- 
ELECKL Mary, X: 167 N\ South Street. Pittsburgh. ?A 
15237 (US). 



C03C 4/00 (74) Agents: STACHEL, Kenneth, J.: PPG Industries, Inc., 
One PPG Place. Pittsburgh, PA 15272 et aL (US). 

(81) Designated States f national): AE. .AL. AM. .AT. ALT, .A2, 
BA. SB, BG. 3R 3 V, CA, GEL CN. CR CU. CZ, DE, DfC 
DM. EE, ES. FI. GB. GD. GE GH. GM, HR HU, ID. IL, 
IN. IS. JP. KE. KG. XP. XR. KZ. LC. LX. LR. LS. LX LU, 
LV. MA. MD. MG. MX. MN. MW. MX. NO, NZ. PL PT, 
RO. RU. SD, SE. SG, SI. SK. SL, TJ, TM. TR. IT, TZ, UA. 
UG. UZ. VN, YU. ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH. GM, 
XE. LS. MW, MZ. SD. SL. SZ. TZ. UG, ZW), Eurasian 
patent (.AM. AZ.3Y. KG. XZ, MD. RU. TJ. TM). European 
patent (.AT. 3E. CH. CY. DE. DK. ES. FI, PR, G3> GR. IE, 
u. LU. MC. NX. PT. SE). OAP! patent {BF. BJ. CF. CG, 
C CM. GA. GN\ GW. ML. MR. NE. SN. TD, TG). 

Published: 

— Without international search report and to be republished 
upon receipt of that report. * 

For r.vo-ietter codes and other abbreviations, refer to the "Guid- 
ance }iotes on Codes and Abbreviations'' appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: COLORED GLASS COMPOSITIONS AND AUTOMOTIVE VISION PANELS WH REDUCED TRANSMITTED 
COLOR SHIFT 



< 
VC 



c 



25.00% 



ZQ.GQ% 



ENHANCED 3FICNZE AND GRAY VISION MELTS - RECOX vs Se nETEMTION 




Ml 
D 



m r 



0.5 

REDCX RATIO 

(57) Abstract: A neutral gray colored glass composition for automobile vision panels having reduced transmitted color shift char- 
acteristics is provided. The glass composidon has a base portion including 65 to 75 weight percent SiO : , 10 to 20 weight percent 
of Na : 0. 5 to 15 weight percent CaO. 0 to 5 weight percent MgO. 0 co 5 weight percent A1 : (X and 0 to 5 weight percent I< 2 0. The 
composition also includes major colorants Including 0.30 to 0.70 weight percent Fe : 0 3 . 0 to .5 pom CoO. and I :o 15 ppm Se. The 
glass has a luminous cransmittance of at least 65 percent at a thickness of 3.9 mm. a redox ratio of 0.2 to 0.675. a TSET of less than 
or equal to 65 percent, and a standard color shift of less than 6. 
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COLORED GLASS COMPOSITIONS AND AUTOMOTIVE 
VISION PANELS WITH REDUCED TRANSMITTED COLOR SHIFT 

CROSS -REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of co- 
pending U.S. Pa-sn- Application Serial No. 08/414,165 filed 
March 31, 1993, which was a continuation of U.S. Patent 
Application Serial No. 08/153,245 filed -November 15, 1993; this 
application also claims the benefits of U.S. Provisional 
Application Nos . 60/133,399 filed June 11, 1999 and 60/144,552 
filed July 16, 1999, ail of which applications are herein 
incorporated by reference. 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

This invention relates generally to neutral colored 
glass compositions and, mere particularly, to gray colored glass 
compositions having low transmitted color shift characteristics 
which are particularly well suited for automotive vision panels, 
such as windshields and front sidelights. 



2 . Technical Considerations 

In different parts of the world, governmental agencies 
with responsibility for regulating or licensing motor vehicle 
safety or use of highways or other public thoroughfares have 
prescribed minimum luminous light transmittance values for 
particular automotive "vision panels", such as windshields and 
front sidelights. For instance, United States Federal 
regulations require the luminous light transmittance (LTA) of 
automotive windshields and front sidelights to be at least 701. 
The luminous transmittance requirements for other automotive 
transparencies, such as back sidelights and rear lights of trucks 
and mini vans , and for non-vision panels, such as sun roofs, moon 
roofs and the like, are typically less than those for windshields 
and front sidelights. Other areas of the world may have a 
different prescribed minimum. 
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Colored cr cca:ec automotive ~rar.sparer.cies in use 
today which mee: "he nar.caced luminous transmission requirements 
may also provide seme degree of shading cr sciar control 
properties, for example, to help decrease the detrimental effects 
of ultraviolet radiation on the interior of the vehicle, e.g., 
fabric fading. However, while these known automotive 
transparencies may provide some degree of sciar energy 
protection, they also tend to have an effect on the perceived 
color of an object viewed through the transparency. For example, 
the color of a vehicle interior, e.g., the" interior fabric color, 
perceived from outside the vehicle seer, through a conventional 
colored automotive transparency may appear to he of a different 
color than the actual color of the interior. If the vehicle 
interior has been selected to crevice a certain aesthetic ezfecc 
with resoect to the overall aocearance of the vehicle/ this 
perceived or "transmitted color shift" may adversely impact upon 
the overall aesthetic appearance of the vehicle. 

Therefore, a neutral colored glass, e.g., a glass 
having a lower excitation purity or a less intense color, such as 
gray, which reduces this perceived color shift while also 
providing good solar performance properties would be 

- -a dv-a-nt age 011-5 .- - Hcwev-er-, —f-o.rmi.ng._s.uch. _a_ g_l a s_s_ cos e s_ various _ 

production concerns. For example, most colored automotive glass 
compositions having good solar control properties, such as 
infrared ("IR") or ultraviolet ("UV") absorption and/or 
reflection, also have a moderate to high concentration of ferrous 
iron (FeO) . Ferrous iron produces a broad absorption band in the 
red to near IR region of the solar spectrum. The concentration 
of ferrous iron in glass depends on both the total concentration 
of iron oxide and the oxidation state of glass, cr its redox 
ratio. Therefore, achieving moderate to higher levels of ferrous 
iron in glass can involve increasing either the total iron 
concentration of the glass or the glass redox ratio, or both. 

At a commonly practiced redox ratio of 0.35 or less, 
increasing total iron in the glass generally results in green 
colors. Cn the other hand, increasing the glass redox ratio 
shifts the glass color to blue. Increasing either or both of 
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these variables also can result in lower luminous light 
trar.sniit-ar.ce { LTA } due to higher absorption of visible light. 
Thus, to achieve high IR absorption in a neutral colored glass 
while maintaining a high level of visible transmittance to meet 
mandated minimum LTA regulations is particularly difficult. 

Therefore, it is an object of the present invention to 
provide glass compositions and automotive vision panels which are 
neutral in color, which provide good solar performance 
properties, and which also provide lower transmitted color shift 
characteristics than conventional glass compositions. The glass 
compositions of the invention can be produced over a wide range 
of redox ratios. 

SUMMARY OF THS INVENTION 

The present invention provides glass compositions 
having a neutral gray color and luminous (visible) transmittance 
within a range that allows the glass to be used in the forward 
vision areas of motor vehicles, e.g., windshield and front 
sidelights, or as primary glazing in a vehicle. The glass may 
also be useful for use in architectural transparencies. The 
glass of the present invention may have a typical scda-iime- 
s.i.l.ica_ .glass _ba s_e_pc r t i c n ,_ . such_ as _j:hat for conventional _float or _ 
fiat glass, with major colorants which also provide some solar 
control properties. The major colorants comprise 0.3C to 0.70 
weight percent total iron (Fe 2 C 3 ), 0 to 15 ppm CoO, and 1 to 15 
ppm Se, with a redox ratio of 0.2 to 0.575. The glass preferably 
has a luminous transmittance of at least 55% at a thickness of 
3 . 3 mm and a total solar energy transmission (TSZT) of less than 
or equal to 65%. As discussed in detail in Example 2, the glass 
also preferably provides a standard transmitted color shift of 
less than about 5, more preferably less than about 5. 

The dominant wavelength of the glass may vary somewhat 
in accordance with particular color preferences. However, it is 
preferred that the glass be a neutral gray color character! ted by 
dominant wavelengths in the range of around 4S0 nm to around 530 
nm, with an excitation purity of less than around 3%. 
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The glass cf the present invention may be produced 
using either high redox methods, e.g., redox ratios greater than 
or equal to 0.25, preferably greater than or equal zo 0.4, or low 
redox methods, e.g., redox ratios less than 0.25, preferably less 
than 0.3. The high redox methods are currently preferred for 
providing maximum performance and best color, i.e., most neutral 
color. The redox range of this invention is achievable on 
conventional overhead fired and other glass melting furnaces. As 
will be appreciated by those skilled in the art, input 
adjustments to the batch components that control the redox ratio, 
i.e., oxidizing salts, such as salt cake and gypsum, and reducing 
agents, such as carbon, may be required to obtain redox ratios cf 
greater than about 0.25. 

The present invention also provides a method of 
producing glass in which selenium loss is stabilized. 3y 
"stabilized" it is meant that the fraction of selenium retained 
in the glass remains substantially constant or even increases 
over a given range of redox ratios. In the present invention, it 
has been discovered that for selenium oontaining bronze and/or 
gray glass batch compositions, the percent of selenium retention 
in the glass becomes relatively constant over a redox ratio range 
°£ _abo« _CL_35 _t? _about: 0 . 60 . Moreover, increasing the redox 
ratio above 0.50 results in increasing levels of selenium 
retention. 

Thus, the glass manufactured according to the 
processes and compositions described herein can have a neutral 
gray appearance, a low TSET value and a low standard transmitted 
color shift. Also, by adding various amounts and combinations of 
additional components, such as cerium oxide, vanadium oxide, 
molybdenum oxide, titanium oxide, zinc oxide, and tin oxide to 
the above glass compositions, the UV transmission of the article 
may be suppressed as well. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a graph of percent selenium retention versus 
redox ratio for a number of bronze or gray glass batch melts. 



WO 00/7692S PCT/USOO/ 1 6 1 53 

5 

DETAILSS DESCRIPTION OF THE INVENTION 

Unless otherwise indicated, all numbers expressing 
quantities of ingredients, reaction conditions and so forth used 
in the specification and claims are to be understood as being 
5 modified in aii instances by the term "about". For example, for 
gross units by "about" it is meant plus or minus 30% , 

preferably 40%, mere preferably 2zh , even more preferably 
+/- 10%, still more preferably + /- zh, and most preferably is the 
reported value or a value in the stated range. Additionally, any 
10 numeric reference to amounts, unless otherwise specified, is "by 
weight percent". The total iron content of the glass 
compositions disclosed herein is expressed in terms of ?e : C : in 
accordance with standard analytical practice, regardless of the 
form actually present. Likewise, the amount of iron in the 
15 ferrous state is reported as FeC, even though it may net actually 
be present in the glass as FeC. Furthermore/ unless stated 
otherwise, the term "total iron" in this specification shall mean 
total iron expressed, in terms of Fe 2 C 3 and the term "FeC" shall 
mean iron in the ferrous state expressed in terms of. FeC. As 
20 used herein, the term "redox ratio" means the amount of iron in 
the ferrous state (expressed as FeC; divided by the amount of 
total iron (expressed _as ^T^jQj) . Selentum is expressed in- terms 
of elemental Se and cobalt is expressed in terms of CoC . As used 
herein, the terms "solar control" and "solar control properties" 
25 mean properties which affect the solar properties, e.g., visible, 
IR or UV transmittance and/or reflectance of the glass. 

Generally, the glass compositions of the present 
invention have a base portion, i.e., the major constituents of 
the glass without the major colorants, comprising a soda-iime- 
30 silica type glass characterized as follows (aii values are in 
weight percent) : 
SIC; 55-75 
Na 2 C 10-20 
CaC 5-15 
35 MgC 0-5 

A1 : C 3 0-5 
K 2 C 0-5 
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Major colorants, such as iron, cobalt, and /or 



selenium, may be acdec to this base portion :c color the glass 
and/or provide the glass with solar control properties, such as 
IR and/or UV radiation absorbing characteristics. In a currently 
preferred embodiment, the major colorants comprise 0.20 to 0.70 
weight percent total iron, 0 to 15 pen CoG, and 1 to 15 pen Se, 
with a redox ratio of 0.2 to 0.575. 



produced over a wide range of redox ratios. For example, for a 
redox ratio of less than about 0.4, preferably about 0.2 co 0.4, 
mere preferably about 0.2 to 0.35, one exemplary glass 
composition of the invention car. comprise greater than C.5 weight 
percent total iron, less than 12 ppm CoG, preferably less than 9 
ppm CoO, and less than 9 ppm Se, preferably 1 to 5 ppm Se . For a 
redox ratio greater than or equal to 0.4, preferably 0.4 to 
0.675, an exemplary glass composition of the invention can 
comprise less than 0.5 weight percent total iron, preferably 0.3 
to 0.5 weight percent total iron, and 3 to 6 ppm Se, preferably 4 
to 5 ppm Se, with little, if any, CoC. Specific glass 
compositions and their influence on transmitted color shift are 
described in _the_Exampies _be_igw . 



neutral colored, i.e., gray, glass. The color of an object, and 
in particular glass, is highly subjective. Observed color will 
depend on the lighting conditions and the preferences of the 
observer. In order to evaluate color on a quantitative basis, 
several color order systems have been developed. One such method 
of specifying color adopted by the International Commission on 
Illumination (CIE) uses dominant wavelength (SW) and excitation 
purity (?e) . The numerical values of these two specifications 
for a given color can be determined by calculating the color 
coordinates x and y from the so-called tristimuius values X, Y, Z 
of chat color. The color coordinates are then plotted cn a 1931 
CIE chromacicity diagram and numerically compared with the 
coordinates of CIE standard iliuminant C, as identified in CIE 
publication No. 15.2, herein incorporated by reference. This 



The glass compositions of the invention can be 




The glass compos 



itions of the invention provide 
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comparison provides a color space position on the diagram to 
ascertain the excitation purity and dominant wavelength cf the 
glass coicr. 

In another coicr order system, the coicr is specified 
in terns of hue and lightness. This system is commonly referred 
to as the CIZLAS color system. Hue distinguishes colors such as 
red, yellow, green and blue. Lightness, or value, distinguishes 
the degree of lightness or darkness. The numerical values of 
these characteristics, which are identified as L', a* and h w , are 
calculated from the tristimuius values (X,- Y, Z) . 1* indicates 
the lightness or darkness of the color and represents the 
lightness plane on which the color resides. a T indicates the 
position of the coicr on a red (+a* ) green (-a*- axis. b T 
indicates the coicr position on a yellow i-rb^i blue (-c*) axis. 
When the rectangular coordinates of the CIZLAS system are 
converted into cylindrical polar coordinates, the resulting color 
system is known as the CISLCK color system which specifies color 
in terms of lightness (L"), and hue angle { H 3 ) and chroma (C*) . 
L* indicates the lightness or darkness of the color as in the 
CIZLAS system. Chroma, or saturation or intensity, distinguishes 
coicr intensity or clarity (i.e. vividness vs. dullness) and is 
the vector distance frcm the center of the color space to the 
measured color. The lower the chroma of the color, i.eV tine ~i~ess - 
its intensity, the closer the color is to being a so-called 
neutral color. With respect to the"CI3IA5 system, C* - 
(a*2 r- c * 2 ) ^ . Hue angle distinguishes colors such as red, 
yellow, green and blue and is a measure cf the angle of the 
vector extending from the a*, b* coordinates through the center 
of the CIZLCH color space measured counterclockwise from the red 
(+a*) axis. 

It should be appreciated that color may be 
characterised in any of these color systems and one skilled in 
the art may calculate equivalent DW and Ps values; L r , a", b~ 
values; and L*, , H 3 values from the transmittance curves of 
the viewed glass or composite transparency, a de-ailed discussion 
of color caicuiaticns is given in U.S. ?acen: Nc. 5,752,559, herein 
incorporated by reference. 
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Additional colorants r.=y alsc be added to the basic 
iron containing scda-iime-silira glass composition of the 
invention describee above to reduce the color intensity in "he 
glass, and in particular to produce a neutral gray glass. As 
used herein, the term "gray" means a glass or transparency having 
dominant wavelengths in the range of around 4 SO nn to around 53 0 
nm, preferably 435 nm to 540 rut, with an excitation purity of 
less than around 8%, preferably less than 3%. 

To avoid the formation of nickel sulfide stones, the 
currently preferred glass composition, of the invention is 
preferably essentially nickel free; that is, no deliberate 
addition of nickel or nickel compounds is made, although the 
possibility of traces of nickel cue to contamination may not 
always be avoided. Although not preferred, other embodiments of 
the invention could include nickel. 

It should be appreciated that the glass compositions 
disclosed herein may include small amounts of other materials, 
for example, melting and refining aids, tramp materials or 
impurities. It should be further appreciated that small amounts 
of additional components may be included in the glass to provide 
desired color characteristics and/or improve the solar 
performance of the glass. Examples of such components include 

iron pciysuifide. Furrhelr" examples ^ncluc^ chromium ~ manganese-; 

titanium, cerium, cine, molybdenum, or oxides or combinations 
thereof. If present, these additional components preferably 
comprise less than or equal to about 3 weight percent of the 
glass composition . 

As discussed above, the major colorants of the 
invention, some of which provide solar performance properties to 
the glass, include iron oxide, selenium, and in seme embodiments 
cobalt oxide. The iron oxides in the glass composition perform 
several functions. Ferric oxide, Fe z C 3 , is a strong ultraviolet 
radiation absorber and operates as a yellow colorant in the 
glass. Ferrous oxide, FeC, is a strong infrared radiation 
absorber and operates as a blue colorant. 

Selenium (Se) is an element that, depending on its 
oxidation state, acts as an ultraviolet absorbing material and/or 
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as a colorant material. Selenium as colorant gives different 
results for ccicr depending cn its oxidation state. Oxidized as 
seienite cr seier.ate, there is nc visible effect (no impact) on 
color. Elemental selenium (dissolved as molecular Be) gives the 
5 glass a pink color. Reduced selenium, (ferric seienide ) gives the 
glass a reddish-brown color. Se may also absorb some infrared 
radiation and its use tends to reduce redox. 

Cobalt oxide (CoO) operates as a blue colorant and 
does not exhibit any appreciable infrared cr ultraviolet 
10 radiation absorbing properties. A proper -balance between the 
iron, i.e. ferric and ferrous oxides, selenium, and in most 
embodiments cobalt is required to obtain the desired colored 
vision glass with the desired spectral properties. 

There will be limits cn the concentration cf selenium 
15 and cobalt if the product is intended for an automotive vision 
glass application with LTA greater than about 70%. Specific 
examples are provided herein. To reduce the thermal load into a 
vehicle, the product should have a total solar energy 
transmittance (TSZT) of less than or equal to 55%, mere 
20 preferably less than or equal to 60%, even mere preferably less 
than cr equal to 55%, and most preferably less than or equal to 

5 0 %_. _ _T_o_ ma i n t a i_n^ t h e_ r ec ui re d_LT A_ and desired TSZT, the 

concentrations of Se, CoO, total Fe 2 C}, and redox ratio should be 
controlled. Thus, the provided examples give specific 
15 combinations of the above variables" for desired color and TSZT 
values. However, it is to be understood that the invention is 
not limited to the Examples disclosed herein. Generally, for the 
preferred combination of properties, as the TSZT of glass is 
reduced, the FeO concentration (=Redcx ratio x total :e 2 0 3 ' 
0 concentration) increases. Beyond a certain value cf total Fe : 0 3 , 
redox ratio, or combinations thereof, it will become necessary to 
reduce the concentration of CoO, Se, or both. 

An .exemplary high redox glass composition of the 
present invention has the following constituents: 

5 

SiC : 65-75 weight percent 
Na?C 10-20 weight percent 
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CaC 3-15 weight percent 
MgC 0-5 weight percent 
AI;G 3 0-5 weight percent 
K 2 C 0-5 weight percent 

Fe 2 C3 0.25-0.5 weight percent 

CoO 0-12 ppm 
Se 3-12 pen 

Redox Ratio 0 . 4-0 . 60 

Tor glasses with L7A less thar. about 7C% , a broader 
range of the above colorants ant: redox ratio may be used. The 
maximum amounts of CoO and Se will be in the lower end of the 
above range for lower TSE7 values, e.g., less than or equal to 
about 52%. In addition, for a given LTA and TSZT, the sum of 
their individual compositions will be less than the maximum 
usable concentration for each colorant alone. As a general rule, 
as the TSE? value decreases, less of the above colorants will be 
required. 

The glass of the present invention may be made of any 
thickness , "for" example - T mm zz ~2~0~nim7 "prefer 15" ly~about~ r."5~rm-fo— ~ 
about 4.9 mm. 

With respect to the high* redox ratio embodiments of 
the invention, a major anticipated problem was the combination of 
high redox and selenium in glass. Selenium added in batch 
materials for glass production rapidly volatilizes at elevated 
temperatures before it is incorporated in the glass melt, thereby 
lowering its retention in the resultant glass. It is commonly 
believed in the glass industry that increasing the redox ratio 
will result in even less selenium retention. Early data had 
indicated that in the lower end of the redox ratio range of the 
invention, e.g., 0.2-0.3, as the redox ratio is increased, 
selenium retention decreases rapidly. 3y extension, at redox 
ratio values greater than 0.3, one would expect negligible 
selenium retention in glass. As shown in Fig. 1, the present 
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invention has confirmed the rapid decrease in selenium retention 
as -he redox ratio is increased iron about 0.2 to about 0.25. 
Fig. 1 shows the weigh z percent retention of selenium in various 
bronze or gray giass batch compositions made az different redox 
5 ratios. However, as also shown in Fig. 1, it has also been 
surprisingly discovered that this trend of decreased selenium 
retention slows down and selenium retention becomes relatively 
independent of the redox ratio, i.e., levels off to a 
substantially constant final percent retention, for compositions 
10" in the range of redox ratio values from about 0.35 to about 0.60. 
Moreover, increasing the redox ratio beyond about 0.50 actually 
results in increasing levels of selenium retention. Thus, when 
producing bronze or gray giass in the redox ratio range of 0.25 
to 0.60, the starting amount of selenium does not have to be 
15 increased as the redox ratio is increased to arrive at 

substantially the same final amount of selenium in the glass, 
contrary to what would have been previously expected. 

The giass compositions of the present invention may be 
produced from melting and refining hater, material known to these 
20 skilled in the art in a continuous, large-scale, commercial giass 
melting operation. The glass compositions can be formed into 
fiat giass sheets of varying thickness by the float process in 

- wh-i err ~th;e--mo-i-t-er.-gi-a-s-s- -is- -s-upport-ed -0.n_ a_po_ol_oj:_mci ten_ meta i_, 

usually tin, as it assumes a ribbon shape and is cooled, in a 
25 manner well known in the art. 

Although it is preferred that the giass disclosed 
herein be made using a conventional, overhead fired continuous 
melting operation as is well known in the art, the giass may also 
be produced using a multi-stage melting operation, for example, 
30 as disclosed in U.S. Patent Ncs. 4,381,924 to Kunkie, et al . , 
4,792,536 to Pecoraro, et ai . and 4,386,539 to Cerutti, et ai . 
If required, a stirring arrangement may be employed within the 
melting and/or forming stages of the giass production operation 
to homogenize the glass in order to produce glass of the highest 
35 optical quality. 

Depending on the type of melting operation, sulfur may 
be added to the batch materials of a soda- lime- silica giass as a 
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melting and refining aid. Commercially produced float glass may 
include up to accu: 0.3 wt . i SC : . In a glass composition chat 
includes iron and sulfur, providing reducing conditions may 
create amber coloration which lowers luminous transmit tance as 
discussed in U.S. Patent Nc . " 4 , 792, 526 to Pecoraro, et ai . 
Increasing the FeO content enables the absorption of glass in the 
infrared to be increased and the TSZT to be reduced. However, 
when glass is manufactured in the presence of sulfur in highly 
reducing conditions, it may take on an amber color due to the 
formation of chrcmophcres resulting from the reaction between 
sulfur and ferric iron. However, it is further believed that the 
reducing conditions required to produce this coloration in float 
glass compositions of the type disclosed herein for low redox 
systems are limited to approximately the first 20 microns of the 
lower glass surface contacting the molten tin during the float 
forming operation, and to a lesser extent, to the exposed upper 
glass surface. 3ecause of the glass 7 low sulfur content and the 
limited region of the glass in which any coloration could occur, 
depending on the particular scda-iime-siiica glass composition, 
sulfur in these surfaces would not be a major colorant. In other 
words, the absence of the iron sulfur ohromcphores would not 
result in the dominant wavelength for the colored glass going 
beyond 'the desired range o f wave length"" "f o f the"" ces i r~ecT "cc" Tor ~f'o"r — 
low redox. Hence, these chromcphores have little if any material 
effect on the glass color or spectral properties at low redox, 
i.e., below about 0.35. At high redox, i.e., above about 0.35, 
chromophores of iron pciysuifides may form in the bulk glass 
itself. For example, for redox ratios greater than or equal to 
about 0.4, up to about 10 ppm of iron poiysuif ices might be 
present. 

It should be appreciated that as a result of forming 
the glass on molten tin as discussed above, measurable amounts of 
tin oxide may migrate into surface portions of the glass on the 
side contacting the molten tin. Typically, a piece of float 
glass has an SnO : concentration ranging from about 0.05 to 2 wt . % 
in about the first 25 microns below the surface of the glass that 
was in contact with the tin. Typical background levels of SnC : 
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may be as high as 30 parts per million (??M; . I. is cei;evec 
char high tin concentrations in about the first 13 Angstroms cf 
the glass surface supported by the molten tin .-nay slightly 
increase the reflectivity of that glass surface; however, the 
overall impact on the glass properties is minimal. 

The glass compositions of the present invention can be 
coated with one or mere film forming coatings or films- or can 
have existing film material placed on or deposited over at least 
a portion of the glass. The one or mere coating film ( s ) over the 
substrate can be thin films such as those applied by pyroiytic 
application, chemical vapor deposition and sputtering techniques 
such as magnetron sputtered vacuum deposition -hereinafter 
"MSVD"} or electron beam (EE) deposition. Any cf the techniques 
that are well known to those skilled in the art can be usee. For 
instance, thin film deposition technology such as sputtering 
including vacuum sputtering, thermal evaporation, E-beam, ion- 
assisted deposition can be used. Electron-beam evaporation 
techniaues that have substrate scutterinc techniques can be used 
wxtn sputter etching, R. F. substrate bias, and reactive 
sputtering. The magnetron sputtering is plasma induced, 
molecular level momentum transfer of a target material which is 
^deposited in a thin film to the substrate. A magnetic field is 
used to enhance plasma ignition, ion energy,"" ^iXsma - density; ----- 
deposition rate and film adhesion. The DC sputtering may be used 
to deposit metal thin films at high- rates, or oxides or nitrides 
with a reactive background gas. The RF (Radio Frequency) 
sputtering may be used to deposit metal or insulator thin films 
in inert or reactive atmospheres. In the MSVD method, a metal- 
containing cathode target can be sputtered under negative 
pressure in an inert or oxygen-containing and/or nitrogen- 
containing atmosphere to deposit a sputter coating over 
substrate . 

U.S. Patent Nos. 4,379,040; 4,510,771 ru. S.P.N. 
'771") 4,351,559; 4,900,623; 4,920,005; 4,933,357; 5,552,130; 
5,321,001; and 5,330,252, herein incorporated by reference, 
describe exemplary MSVD apparatus and methods to sputter coat 
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metal and/or metal oxide films on a substrate, including a glass 
substrate . 

Forming coating film by CVQ cr spray pyrolysis methods 
can also be done during the manufacture cf a substrate like the 
glass float ribbon with the 'glass composition of the present 
invention. As discussed above, a glass float ribbon is 
manufactured by melting glass batch materials in a furnace and 
delivering the refined molten glass onto a bath of molten tin. 
The molten glass on the bath is pulled across the tin bath as a 
continuous glass ribbon while it is sited. and controllabiy cooled 
to form a dimensional! y stable glass float ribbon. The float 
ribbon is removed from the tin bath and moved by conveying roils 
through a lehr to anneal the float ribbon. The annealed float 
ribbon is then moved through cutting stations on conveyor roils 
where the ribbon is cut into glass sheets of desired length and 
width. U.S. Patent Ncs. 4,456,352 and 4,571,155 hereby 
incorporated by reference provide a discussion of the float glass 
process . 

Temperatures of the float ribbon on the tin bath 
generally range from about 1092 . 2°C (20CC°F) at the delivery end 
of the bath to about 539°C (10CG 0 ?; at the exit end of the bath. 
The temperature_ of_ the float ribbon between the tin bath and the 
annealing lehr is generally in the range of about 43Q°C (595°?) 
to about 580°C ( 1076°?) ; the temperatures of the float ribbon in 
the annealing lehr generally range from about 204°C (400°?) to 
about 557°C (1035°F) peak. 

The temperature range for applying the coating film 
may be affected by the substrate being coated. For example where 
the substrate is a glass float ribbon and the coating is applied 
to the float ribbon during manufacture of the float ribbon, the 
float glass may reach temperatures in excess of 1CC0°C (1332°F) . 
The float glass ribbon is usually attenuated or sited (e.g. 
stretched cr compressed) at temperature above S00°C (1472°F! . If 
the coating is applied while the float class before or during 
attenuation, the coating may crack cr crinkle as the float ribbon 
is stretched or compressed respectively. Therefore, it would be 
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preferred to apply the coating when "he flea, richer, is 
dimer.sicnaiiy stable e.g. below about 3QC°C ;1472°? ; for float 
soda lime silica glass, and the flea- richer, is at a temperature 
to decompose the metal-containing precursor e.g. above about 
400°C {752°D . 

U.S. Patent Nos. 4, 352,257; 4,971,343 ; 5,536,713 ; 
5,464,557; and 5,599,357 hereby incorporated by reference 
describe CVD coating apparatus and methods that may be used in 
the practice of the invention to coat the float ribbon during 
manufacture thereof. The CVD method can coat a moving float 
ribbon yet withstand the harsh environments associated with 
manufacturing the float ribbon. The CVD coating apparatus may be 
employed at several points in the ficat ribbon manufacturing 
process. Fcr example, CVD coating apparatus may he employed as 
the float ribbon travels through the tin bath after it exits the 
tin bath, before it enters the annealing iehr, as it travels 
through the annealing iehr, or after it exits the annealing iehr. 

As may be appreciates by those skilled in the art, 
several process parameters can influence the thickness of the 
coating over the substrate. In regards to the material or form 
the coating film, concentration of the metal or metal-containing 
-pre curs or- in- the -ea-r-r-i e-r— g=.s_ for _p:/roJ..yti c_o j: JCVD _acp li cat ion and 
the rate of flow of the carrier gas can be influential. In 
regards to the substrate, the speed of the float ribbon (the 
"line speed") , the surface area of the CVD coating apparatus 
relative to the surface area of the float ribbon and the surface 
areas and temperature of the float ribbon are factors. Also the 
rate of flow of exhausted carrier gas through exhaust vents of 
the CVD coating apparatus more particularly, the ratio of exhaust 
rate through the exhaust vents" versus the carrier gas input rate 
through the CVD coating unit, known as the "exhaust matching 
ratio" is a factor. These parameters will affect the final 
thickness and morphology of the coating film formed on float 
ribbon by the CVD process. 

U.S. Patent Nos. 4,715,125; 4,719,127; 4,111,130; and 
3,650,061 hereby incorporated by reference describe spray 
pyrciysis apparatus and methods that may be used with the float 
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ribbon manufacturing process. While the spray pyrolysis method 
like the CVD method is veil suited for coating a sieving float 
giass ribbon, the spray pyrolysis has .tore complex equipment than 
the CVD equipment and is usually employee between the exit end of 
5 the tin bath and the entrance end cf the annealing iehr for a 
float glass production process. 

As can be appreciated by these skilled in the art, the 
constituents and concentration of the pyrolyticaiiy sprayed 
aqueous suspension, the line speed of the float: ribbon, the 

10 number of cytolytic spray guns, the spray- pressure or volume, the 
spray pattern, and the temperature of the float ribbon at the 
time of deposition are among the parameters which will affect the 
final thickness and morphology of the coating formed on the float 
ribbon by spray pyrolysis. An example of a commercial type of 

15 coating that can be used includes these disclosed in U.S. Patent 
4,134,240 and coatings to reduce passage of solar energy during 
the summer months and/ or reduce radiant heat less such are taught 
in U.S. Pat. Nos. 2,724,553; 3,051,200; 3,107,177; 3,410,710 and 
3,650,061 and commercially available from PPG Industries, Inc., 

20 of Pittsburgh, Pennsylvania. Ail of the aforementioned patents 
are hereby incorporated by reference. 

Ex emp.la.r y __g i_a^s_ ^compositions _o f the i n ve n t i o n are ■ 

described in the following Examples. 

25 SXaMBLE 1 

This example discloses glass compositions embodying 
the principles of the present invention. It is also possible to 
use special computer models to design glass compositions and 
30 product properties that embody the principles of the present 
invention. 

In addition to the iron, selenium and cobalt portions 
of the disclosed compositions, other tramp components may be 
included in the melts, for example, but not to be considered as 
35 limiting, up to about 15 ppm Cr 2 C 2/ up to about 4G ppm MnC 2 , and 
up to about 0.08 wt. percent TiG; . It is presumed that the Cr : G 3 , 
MnC 2 and TiC 2 can enter the glass melts as part of the cullet. 
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For glass compositions of the ir.scar.u :r//e:.:::r. produced by a 
commercial float process as discussed above, the produced glass 
may include, for example, up zo about 9 pern Cr-G? and about 0.025 
wt.% TiC 2 . The above levels cf such materials are considered to 
5 be tramp levels which would hot materially affect the color 
characteristics and spectral properties of the glass of the 
present invention. It is to be understood that these u tramp 
material" ranges are simply exemplary and are net limiting to the 
invention. Higher amounts of such tramp material could be 
10 present so long as they have no deleterious effects upon the 
desired properties of the resultant glass. 

The spectral properties shown in the following 
Sxamcies are based on a reference thickness of C.I5 2 5 inches (3.9 
mm) . Iz should be appreciated that the spectral properties of 
15 the examples may be approximated at different thicknesses using 
the formulas disclosed in U.S. Patent Mc . 4,792,53 5. 

With respect to the transmittance data of the 
Examples, the luminous transmittance (1TA • is measured using 
C.I.Z. standard illuminant "A" with a 2° observer over the 
20 wavelength range cf 380 to 770 nanometers. Glass color, in terms 
of dominant wavelength and excitation purity [ ?e ) , is measured 

~ us!hg~C~ IYZ ~sTa^c^2""iriXir;i"na-nt- -"C"— with" -a- -2°— observer, 

following the procedures established in ASTM 1303-90. The total 
solar ultraviolet transmittance (TSU!v) is measured over the 
25 wavelength range of 300 to 400 nanometers, total solar infrared 
transmittance (TSIR) is measured over the wavelength range of 775 
to 2125 nanometers, and total solar energy transmittance (TSZT) 
is measured over the wavelength range of 275 to 2125 nanometers. 
The TSUV, TSIR and TSET transmittance data are calculated using 
30 Parry Moon air mass 2.0 direct solar irradiance data and 

integrated using the Trapezoidal Rule, as is known in the art. 
The reported composition amounts were determined by x-ray 
fluorescence . 

The glass composition of the present invention can be 
35 produced from batch material and previously melted material. An 
illustration of this includes the following formulation: 
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sane 



221.1 gm 

105.2 gm 
28. 1 gm 
7 5.3 gm 

2.3 gn 



soda ash 



limes cone 



dolomite 



salt cake 



?e 2 C: (total iron) 



as required 
as required 



Se 



Co 3 0 4 



as requi 



ired 



The raw materials can be adjusted to produce a final glass 
weight. Reducing agents are added as required to centre! redox. 
The cuilet used which can font up tc approximately 30% of the 
melt can include up tc 0.51 wt . % total iron, 0 .255 wz . \ TiC : and 
7 ??lM Cr 2 C] . In preparing the melts as in the examples, the 
ingredients can be weighed out and mixed. A portion of the raw- 
batch material can be placed in a silica crucible and heated to 
2450°? (i343°C;. When the batch material melts down, the 
remaining raw materials can be added to the crucible and the 
crucible can be held at 2450°? (1343°C) for 20 minutes. The 
molten batch can be heated and held at temperatures of 2500°? 
(1371°C) , 2550°F (1399°C) , 2SC0°7 (1427°c; for 3C minutes, 20 
minutes and 1 hour, respectively. Next, the molten glass can be 

fritted in water7 dried "and "re£eate£rTr2"52^ a : ■ Tl^^r 

platinum crucible for two hours. The molten glass can be poured 
out of the crucible to form a slab ~ and annealed. Samples can be 
cut from the slab and ground and polished for analysis. 



(except for FeO) can be determined using a RIGAXU 3370 X-ray 
fluorescence spectrophotometer. The spectral characteristics of 
the glass can be determined on annealed samples using a PerJcin- 
Elmer Lambda 9 UV/VIS/NIR spectrophotometer prior to tempering 
the glass or prolonged exposure to ultraviolet radiation, which 
will effect the spectral properties of the glass. The FeC 
content and redox can be determined either chemically or using a 
glass color and spectral performance computer model. 

The following is the approximate basic oxides for 
experimental melts calculated based on the aforementioned batch : 



The chemical analysis of the glass compositions 
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Si0 2 72.1 w: . i 

Na z O 13. 6 wt.% 
CaO 8.3 wt . % 

MgO . 3.9 wt.% 

A1 2 C 3 " 0.18 wt.% 
K 2 0 0.057 wt J 



Table 1 below discloses exemplary glass compositions 
of che invention at differing redox ratios. Unless otherwise 
indicated, the listed values are in weight percent.. The zerst 
"N/A" means the data was not recorded. 
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EXAMPLS 2 



This Example illustrates the effect cf the glass 



compositions cf the invention on the perceived color of an object 
seen through "he glass anci provides a method of measuring a 
''standard transmitted color shift" for an object viewed through a 
substrate . 

In order to evaluate the efface cf a substrate on the 
perceived or ''transmitted" color shift of an object seen through 
- the substrate, a mathematical routine was developed using a 
"standard" system, i.e., a reference substrate, a defined 
reference material, and a reference iiiuminant . The reference 
substrate selected was 0.153 5 inch (2.9 mm; thick Starphire® 
glass commercially available from ??G Industries, Inc. The 
reference material was defined by selecting a commercially 
available gray fabric whose spectral properties are listed in 
Table 2. The reference iiiuminant was D55. 



reference fabric was measured ac various wavelengths using the 
reference iiiuminant (D65) and a Lambda 9 spectrophotometer, 
commercially available from Perkin-Eimer Corporation. The 
reflected color spectrum of the fabric material can be converted 
- to. -a— color-, _i ,_e ^_chr ojna t i^ci t_y_coo r dinac 3 s , using the method 
disclosed in AS TM I 30S-35 for a D-5 iiluminanc and a standard" ~ 
observer of CIE 1964 (10°) observer. 

Next, the transmit tance of the reference Starphire® 
glass at the same selected wavelengths was measured with the 
spectrophotometer. These "reference" reflectance and 
transmittar.ee da~a are listed in Table 2. 



First, a reflected color spectrum of the selected 



Table 3 



Wavelength STAR? HIRE 
Glass 
Reference 



GRAY 
Fabric 
Reference 



300 
305 
31C 
315 



29.39 
40.23 
51.54 
50.31 



0.40 

0.73 
0.7- 



C.32 
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Wavelength STARPKIRE GRAY 
Glass Fabric 
Reference Reference 



7/0 

J 4i U 


fiO ?Q 


0 . 3 5 


7 2^ 


74.35 


0.37 


7 7n 
j j> u 




G . 93 


7 7 n 
j J j 


83 43 


G . 98 


7 d n 

J 4 u 


8 n 3 a 


0 . 98 


7 a - 


97 7 1 


0 . 9 9 


7 sn 


8 Q 0 4 


1 .02 


•jc; 

J w w 


89 . 62 


1 . 07 


7 fiH 


90 . 20 


: . 12 


7 fin 

J o J 


90 . 37 


1 . 15 


770 


90 . 53 


1.25 


77^ 


90 . 56 


1.40 


7RD 


90 . 50 


1 . 53 


78 ^ 

J u ^ 


90 . 73 


1.39 


7 q n 


90 . 36 


2.42 


7 

J 7 w 


90 . 92 


2 . 25 




\j • j < 


4.35 


4 1 0 




5 . 48 


J 0 0 




7.43 


,nn 


Q1 flfl 


7.31 


a a n 




3.33 


/ICO 
4 J U 


qi 1 7 


3 . 97 


4 £n 




9 . 59 


4 ' U 




1G .22 


a a n 

4 0 U 




13 . 32 


j an 

4 U 


QI 77 


10 . 57 




91 "7 


i: . 53 




gi ■ 


9. 54 


_J.4_y 


91.45 


9.09 


^ 7 p 
jj U 


91.35 




J *4 w 


gi 42 


9. 54 


JJU 


Q1 7Q 


3 . 52 




7G 


8 . 19 


D I U 


^8 


9 22 


^ fl n 

jOU 


17 1 • J 1 


9 . 92 




Ql 2 * 


9.35 


ouU 


Ql 9 l 


q 70 


0 I J 


qi ?n 

7l . iJ 


a 74 


£ **? n 


Ql 1 * 


« j ** 


oiU 


q i n 4 

7 1 . U 4 


Q 4 2 


c a n 




q fii 


650 


91.01 


10 . 44 


660 


90.31 


12.20 


670 


90.78 


14.32 


630 


90.54 


17.97 


690 


90. 54 


21.4 5 


700 


90.53 


25.33 


710 


90 .46 


29.5 5 


720 


90.38 


33.92 


730 


90.21 


33.05 


740 


90 . 21 


41.39 
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Wavelength STAR? HIRE GRAY 

Glass Fabric 

Reference Reference 



750 


90 .04 


45.03 


760 


90 .00 


47 .41 


770 


8*9 . 35 


48.93 


780 


39 . 77 


50.01 


790 


39 . 69 


50 . 55 


300 


89 . 50 


51.02 


850 


39.14 


51.70 


900 


38 . 72 


53.05 


950 


88 . 43 


54.53 


1000 


88 .34 


S5.41 


1050 


83 . 19 


56.01 


1100 


83.16 


56.24 


115C 


83 .05 


55.47 


1200 


83 . 15 


55.24 


1250 


33.20 


55.94 


1300 


33.33 


^ o = 


1350 


3 3.53 


55.73 


1400 


33 . 72 


54 .34 


1450 


89.03 


54 . 96 


1500 


3 9.31 


55 . 63 


1550 


89.53 


55.73 


1600 


89 . 70 


55.33 


1650 


89 . 96 


43.10 


1700 


89.33 


47.43 


1750 


89.35 


49 . 63 


1300 


39.57 


50.32 


1350 


89.51 


52.00 


1900 


89.31 


49 . 07 


1950. 


8_9_._3_2 


43.94 


2000 


89.12 


51.21 


2050 


89.04 


49.33 


2100 


39.04 


45.98 


2150 


89.00 


39.13 



In order to calculate a "transmitted color shift" 
defining the shift in color of the selected reference material 
(fabric) when viewed through the reference substrate (Starphire® 
5 glass), the following mathematical formula was developed: 



TX = SIX x TGX x ROX x TGX x SOX 



where TX is the amount of light from the reference illuminant 
10 transmitted through the substrate, reflected by the selected 
material, and retransmitted back through the substrate to the 
measuring device at a wavelength X, SIX is the relative power of 
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the reference iiiuminant a: a wavelength a (from ASTM £ 305-35) , 
TGA is -he transmittar.ee of the substrate at a wavelength X 
(measured by the spectrophotometer) , RCX is the reflectance of 
the selected material at a wavelength X (measured by the 
spectrophotometer) , and SCA is a standard observer tristimuius 
value at a wavelength A (ASTM Z 303-35, CI2 1964 Supplementary 
Standard (10 degrees) standard observer tristimuius value) . The 
color of the material viewed through the substrate was then 
determined using ASTM E 308-35, herein incorporated by reference. 
Exemplary color calculation methods are described in Principles 
of Color Technology , by F.W. Hiiimeyer and M. Saitzman, second 
edition, 1981, published by John Wiley i Sens, herein 
incorporated by reference, and will be well understood by one of 
ordinary skill in the art. 

After having defined the transmitted color shift for 
this standard system, similar calculations were made using 
specimens of different glass samples and the transmitted color 
shift again calculated as described above for these other glass 
specimens. The difference between the calculated color shift of 
the fabric material viewed through the Starphire® glass and the 
same fabric material viewed through the selected substrate under 
examination is referred to herein as the "standard transmitted 
color shift" (DC! and is defined as follows: 

DC = [(a* ref - a^ e3 ,} : + (b- ref - b- zesz ) z r 

where a~ ref and b* re * are the a* and b T values from the standard 
system, and a + - esc and b*- e3C are the a* and b* values using the 
test specimen. 

Tables 4-7 list the- spectral property differences and 
the standard transmitted color shifts (DC) for several 
representative glass panels made from selected glass compositions 
of the invention listed in Table 1 (Samples 3, 9, 10 and 11) for 
several different colored commercially available fabrics concared 
to the above described "standard" Starphire® system. The "Delta" 
values are calculated by subtracting the test value from the 
standard system value for the particular property being reported. 
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Table 4 



: Glass = Sample 8 


Sample 3 


Sample 3 


Sample 3 


Sample 3 


Fabric = GRAY RI33E 


D 3R0WN "RIBBED 




3ROWN 


GRAY 


BLUE RIBBED 


DELTA L* -3.3 


-3 . 0 




-7.5 


-7 . 3 


-5 . 5 


DELTA a* -3.1 


-3.7 




-3.2 


-2 . 5 


— 1 . O 


DELTA b* 1.1 


-0.5 




-0.4 


1 . 1 




DC 3.3 


3.3 




3.2 


? 7 


9 7 




Table 


5 








. Glass = Sample 9 


Sample 9 


Sample 9 


Sample 3 


Sample 9 


Fabric = GRAY RI3BED BROWN RIBBED 




BRCffN 


GRAY 


BLUE RIBBED 


DELTA L" -3.7 


-3.0 




— / • — 


-7.2 


_ ? ~ 


DELTA a* -4.3 


-5.2 




-4.5 


-3.3 


-2.7 


DELTA b* 0.5 


-1.1 






0.5 


1 . 9 


DC 4.3 


5.3 




4 . 7 


3.5 


3.3 




Table 


5 








Glass = Sample 10 


Sample 10 


Sample 10 


Sample 10 Sample 10 



Fabric = 


GRAY RI33E 


D 3RCWN RIBBED 


3RCWN 


GRAY 


3LUE RI 


DELTA L* 


-9 . 1 


-3.4 


-7.3 


-7 . 5 


-5 . 5 


DELTA a* 


-4 . 1 


-4.6 


-3.9 


-3.3 


-2.3 


DELTA b* 


1.5 


-0.3 


-0.4 


1 . 3 


2.5 


DC 


4.4 


4.6 


3.9 


3.6 


3.4 



Tabie 7 



Glass = 


Sample 11 


Sample 


11 


Sample 11 


Sample 11 


Sample 11 


Fabric = 


GRAY RI33E 


D 3RCWN 


RI33ED 


BROWN 


GRAY 


BLUE RIBBED 


DELTA L* 


-9.3 


-3 


. 0 


-7.9 


— i . / 


-5.3 


DELTA a* 


-3 . 9 


-4 


. 4 




-3.1 


-2.1 


DELTA b* 


1.5 


-0 


3 


-0.4 


1.3 


2.5 


DC 


4 . 1 


4 


4 


3.3 


3.4 


3.4 
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For comparison purposes, Table 3 lists the standard 
transmitted color shift for the sarr.e fabric materials of Tables 
4-7 bun viewed through a conventional green glass, which in this 
5 case is Soiargreen® glass, commercially available from PPG 

Industries, Inc., using the standard Starphire® glass system as 
described above as the reference. 

Comparative Table 8 
Test Glass = Soiargreen Solargreen Soiargreen Soiargreen Soiargreen 



Fabric = 


GRAY RI3BED 


3RCWN 


RI35ED 


BROWN 


GRAY 


3LUS 


DELTA L* 


-7.7 


— 7 


.2 


-5.7 


_ "T .1 


-4.5 


DELTA a* 


-7.3 


-7 


. 5 


-5.3 


-5.4 


-4 . 9 


DELTA b" 


1.8 


0 


.003 


-0.37 


1 . 4 


2.5 


DC 


7.9 


7 


. 5 


5.3 


<- — 

C - 3 


5 . o 



10 As shown in Tables 4-3, the glass compositions of the 
invention provide generally lower standard transmitted color 
shifts than the Soiargreen® glass. The glass of the invention 
preferably has a standard transmitted color shift as defined 
above" of"Ie ss ~thah~ S~ f "preferably ess -than— 5-,- mere -pref erably 

15 less than 4, and most preferably less than 3, at a thickness of 
3.9 mm. 

The calculation method described above can be used to 
calculate the standard transmitted color shift for any glass 
substrate or fabric for which the respective spectral 

20 transmittance and reflectance are known. 

However, as will be appreciated by one of ordinary 
skill in the art, the transmitted color shift can be directly 
measured, such as with a SpectraGard instrument commercially 
available from Byk Gardner. In this alternative method, a glass 

25 specimen, i.e., a reference, is placed in the reflection port of 
the instrument and the material, e.g., fabric, is placed about W 
inch behind the specimen. The instrument is preferably operated 
in the specular reflection-excluded mode. A reference 
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iiiuminant, e.g., DS3, ar.ci a standard observer, e.g. ,1964 
(10° ! observer, may be selected. In -his ccnf iguraticn, light 
travels through the glass specimen, is reflected off the 
material, and passes through the specimen again to the 
instrument. Color values, e : g . , chrcmaticity coordinates such as 
L*, a', b~, etc., are then determined by the instrument. 

After these "standard" values are obtained, the 
reference glass specimen can be replaced with a test specimen and 
the color values again measured. The instrument then determines 
the measured color difference between "standard" and the "test 
specimen" to generate a standard transmitted color shift. 

However, a disadvantage of this alternative method is 
that actual samples, i.e., reference glass specimen, test 
specimen, and fabric, must be on hand rc measure the transmitted 
color shift. Alternatively, in the spectrophotometry 
calculation method described above, once the spectral data for a 
particular glass specimen or fabric is measured, the transmitted 
color shift with respect to any other glass specimen can be 
calculated using the spectral data for the other glass specimen 
without having all of the samples physically present. 

It will be readily appreciated by one of ordinary 
skill in the art that modifications may be made to the invention 
without departing from the concepts cis^ci~c~sed~irf the" Tbl:ego"in"g 
description. Accordingly, the particular embodiments describee 
in detail herein are illustrative only and are not limiting to 
the scope of the invention, which is to be given the full breadth 
of the appended claims and any and ail equivalents thereof. 
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What 



-s claimed is 



I- A neutral gray colored glass composition for 
automobile vision panels having reduced transmitted color shift 
characteristics, the glass Composition having a base portion 
comprising: 



Si0 2 65 to 75 weight percent 

Na 2 0 10 to 20 weight percent 

CaC 5 to 15 weight percent 

MgO 0 to 5 weight percent 

A1 2 0 3 0 to 5 weight percent 

K 2 0 0 tc 5 weight percent 



and major colorants comprising: 

Fe 2 0 3 (total iron) 0.30 to 0.70 weight percent 

CoO 0 to 15 ppm 

Se 1 to 15 ppm 

wherein the glass has a luminous transmittance of at least 55 
percent at a thickness of 3.9 mn, a redox ratio of 0.2 to 0.575, 
a TSET of less than or equal to 65 percent, and a standard 
transmitted color shift of less than 6. 

2. The glass composition according to claim 1, wherein 
the glass composition is essentially free of nickel. 



3. The glass composition according to claim 1, wherein 
the glass composition includes one or more, additional components 
selected from chromium oxide, manganese oxide, titanium oxide, 
cerium oxide, zinc oxide, molybdenum oxide, or iron poiysulf ide . 

4. The glass composition according to claim 1, wherein 
the redox ratio is less than 0.4. 
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glass composition according to claim 4, wherein 
is greater than 0.5 weight percent. 

5. The glass composition according to claim 4, wherein 
the redox ratio is 0.2 to less than 0.4. 

7. The glass composition according to claim 4/ wherein 
the CoO is less than 12 pern. 

8. The glass composition according* to claim 4, wherein 
the Se is less than 8 ppm. 

glass composition according to claim 4, wherein 
ansmitted color shift is less than or equal to 4. 

10. The glass composition according tc claim 4, wherein 
the TSET is less than or equal to 50 percent. 

11. The glass composition according to claim 4, wherein 
the excitation purity is less than 3 percent. 

12. The glass composition according to claim 4, wherein 
the excitation purity is less than 3 percent^ - 

13. The glass composition according to claim 4, wherein 
the glass is characterized by dominant wavelengths in the range 
of 480 to 580 nanometers. 

14. The glass composition according to claim 4, further 
including additional ultraviolet absorbing material. 

15. The glass composition according to claim 14, wherein 
the additional ultraviolet absorbing material is an oxide of a 
material selected from the group cerium, zinc oxide, tin oxide, 
vanadium, titanium, molybdenum or combinations thereof. 



5 . The 
the total iron 



9 . The 
the standard tr 
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15. The glass composition according to claim 14, wherein 
the additional ultraviolet material is less than or equal to 3 
weight percent of the glass composition. 

17. The glass composition according to claim 4, wherein 
the total iron is greater than 0.5 weight percent, the redox 
ratio is 0.2 to 0.35, the CoC is less than 9 ppm, and 'the Se is 1 
to 6 ppm. 

18. The glass composition according to claim 1, wherein 
the redox ratio is greater than or equal to 0.4. 

19. The glass composition according to claim 13, wherein 
the total iron is 0.3 to 0.5 weight percent. 

20. The glass composition according to claim 13, wherein 
the redox ratio is 0.4 to 0.575. 

21. The glass composition according to claim 13, wherein 
the Se is 3 to 6 ppm. 

22. The glass composition according to claim 13, wherein 

-tire- t'oxa 1" ~i rcn" ±s~ 0"."3~ t"O" 0 ~5- weight- perce-:v~-,--th-e- -redox -ratirc^Ls 

0.4 to 0.575, the CoO is 0 ppm, and the Se is 4 to 5 ppm. 

23. The glass composition according to claim 18, including 
up to 10 ppm of iron polysuifide. 

24. An automobile having an interior and at least one 
vision panel having reduced transmitted color shift 
characteristics, the vision panel formed from a glass composition 
having a base portion comprising: 

Si0 2 65 to 75 weigh- percent 

Na 2 0 10 to 20 weight percent 

CaO 5 to 15 weight percent 

MgO 0 to 5 weight percent 
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AI 2 0 3 0 ; weight percent 

K 3 0 0 :: 5 weight percent 

and major colorants comprising: 

c e 2 0 3 (total iron) 0.30 to 0.70 weight percent 

CoO 0 to 15 ppm 

Se 1 to 15 ppm 

wherein the glass has a luminous transmittance of at least 55 
percent at a thickness of 3.9 mm, a redox ratio of 0.2 tc 0.675, 
a TSET of less than or equal to 55 percent, and a standard color 
shift of less than 6. 

25. A method of reducing a shift in the perceived color o 
an automobile interior when viewed through an automobile vision 
panel, the method comprising the step of forming the vision pane 
from a glass composition having a base portion comprising: 

2i0 2 55 to 75 weight percent 

Na 2 0 10 to 20 weight percent 

CaO 5 tc 15 weight percent 

"MgO Q~ to~ 5 -weirghv percent 

A1 2 0 3 0 tc 5 weight percent 

K 2 0 0 to 5 "weight percent 

and major colorants comprising: 

Fe 2 0 3 (total iron) 0.30 to 0.70 weight percent 

CoO O.to 15 ppm 

Se 1 to 15 ppm 

wherein the glass has a luminous transmittance of at least 55 
percent at a thickness of 3.9 mm, a redox ratio of G.2 to 0.575, 
a TSET of less than or equal to 55 percent, and a standard color 
shift of less than 6. 
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25. A method of evaluating a standard transmitted color 
shift with respect to a selected material, comprising the steps 
of: 

(a) measuring reflectance of the selected material over a 
plurality cf wavelengths using a reference iiiuminant and a 
measuring device; 

(b) measuring zhe transmittance of a reference substrate 
over a plurality of wavelengths using the reference iiiuminant 
and the measuring device; 

; c) calculating a transmitted color shift value for the 
selected material viewed through the reference substrate; 

(d) measuring the transmittance of a test substrate over a 
plurality of wavelengths using the reference iiiuminant and the 
measuring device; 

(e) calculating a transmitted color shift value for the 
selected material viewed through the test substrate; and 

— - [ 5) "Comparing "the - transmitted- -cc-lor- -s-hi-^t— v-a-i-ue-o-f— s-tep — (-C-) _ 
to the transmitted color shift value of step (e) to determine a 
standard transmitted color shift. - 

27. The method of claim 26, wherein the transmitted color 
shift is calculated by the formula: 

TX - SIX x TGX x RCX x IGX x SOX 

where TX is the amount of light from the reference iiiuminant 
transmitted through the substrate, reflected by the selected 
material, and retransmitted back through the substrate to the 
measuring device at a wavelength X, SIX is the relative power of 
the reference iiiuminant at a wavelength X, TGX is the 
transmittance of the substrate at a wavelength X, RCX is the 
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reflectance of the selected material at a wavelength. A, and SOA 
is a standard observer tristinuius value at a wavelength A. 

23. A transparency mace from the glass composition recited 
in claim 1 . 

29. The transparency of ciain 23, wherein the transparency 
has a thickness of 1 mm to 20 mm. 

30. The transparency of claim 25, including a solar 
control coating deposited over at least a portion of the 
transparency. 

31. The transparency of claim 23, wherein the transparency 
is an automotive vision panel. 

32. A method of producing selenium containing glass having 
stabilized selenium retention, comprising the step of: 

melting selenium containing glass batch materials to 
provide a redox ratio of greater than or equal to about 0.35. 

33. The method of claim 32, including melting the selenium 

~conta±nxn"g~ gl-a'ss - - batch- materira-Irs- t-o -pro-vide— a- re dex--rat-io- of 

about 0.35 to about 0.60. 

34. A method of producing selenium containing glass having 
stabilized selenium retention, comprising the step of: 

formulating a selenium containing glass batch to have a 
redox ratio of greater than or equal to about 0.35 upon melting. 

35. The method of claim 34, including melting the glass 

batch. 

36. The method of claim 3-1, including formulating the 
selenium containing glass batch to have a redox ratio of about 
0.35 to about 0 . 50 . 
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